UNCLASSIFIED 

m  4  6  4  8  6  1 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIR6INIA 


UNCLASSIFIED 


H0T1CE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever]  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  la  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  In  any  way  be  related 
thereto. 


Sir-?i48  (6/65) 


<0 

00 

to 

cn  Tp 

CD  i 


CD 


I 


O  “ 
L'J  CD 

o  CD 

53  cn 


^=c 

CJ> 


C/0 

<c 


COPY  WILL  NOT  H3BCE 
fOlLY  LEGIBLE  REPRODUCTION. 
REPRODUCTION  WILL  BE  MADE  IF 
REQUESTED  BY  USERS  OF  DDG. 


Technical  Report 
Contract  Honr  3066(00) 
k  June  1965 


Analysis  of  3587  t*  Decays 

T.  Huetter,  8.  Taylor,  I.  L.  Koller,  P.  Btaaer,  end  J.  Graven 
Department  of  Physics,  Stevens  Institute  of  Technology,  Hoboken,  Hev  Jersey 


DDC 


DOC-IRA  E 


Suhaitted  to  The  Physical  Reviev,  June  1965 


SIT-PlW  (6/65) 


ANALYSIS  OP  3587  t*  DECAYS  * 


T.  Huetter,  S.  Taylor,  E.  L.  Roller,  P.  Stamer,  tad  J.  Oraunan 

Department  of  Phyiics,  Stevens  Institute  of  Technology , 
Hoboken,  New  Jersey 


Abstract 

An  analysis  of  3587  t+  *’  ♦  »+  ♦  »*  decay  events  Is  presented. 
These  events  vere  found  in  an  area  scanning  of  an  emulsion  stack  of 
600  |i  Ilford  05  enulslon  pellicles  exposed  to  a  300  MeV/e  separated 
K+  bean  at  the  Bevatrcn  of  the  Lawrence  Radiation  Laboratory.  The 
plon  energy  spectra  are  conpared  to  the  predictions  of  linear  Matrix 
elsnent  theory,  the  plon  pole  model,  and  the  a-wave  resonance  model, 
and  to  the  existing  spectra  of  the  secondaries  from  n,  r  ,  t',  and  k£. 
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I.  XHTRODUCTIOH 

Id  the  recent  literature ,  considerable  Interest  hai  bees  shown  in  the 
three  plot)  decay  nodes  of  the  K  and  n  mesons ,  and  their  connection  vith  low 
energy  pion-pion  interactions.  Early  data  on  the  t*  decay  node  of  the  K* 
aeeoo  (K+  *  w”  ♦  v+  ♦  shoved  ayateaatlc  deviations  in  the  pi on  speotra 

froai  that  determined  by  the  phase  space  alone.  The  deviation  is  such  that 
the  unlike  pion  has  a  higher  probability  of  being  emitted  vith  high  energy. 

_  1  k 

Subsequent  measurements  of  t  decay  *  spectra  confirmed  the  effect.  Attesqpts 
to  explain  the  pion  asynmetries  by  final  state  pion-pion  interactions 
using  the  scattering  length  approximation  and  neglecting  p-vave  and  higher 
partial  wave  effects,  led  to  the  requirements  that  the  s-wave  pion-pion 
scattering  lengths  in  the  T»0  and  T»2  states  be  a_  *-X_  and  a.  *v  -0.31. 

0  12  w 

as  ■ 

However,  experiments  utilising  other  means  of  measuring  these  parameters,  A 

11  12 

and  theoretical  considerations  t  *  led  to  the  require* iota  theft  eA  *  X 

o  i 

with  a g  small  and  positive.  Other  attempts  to  explain  the  final  state  pion 
asysnetrles  Included  the  hypothesis  of  •  1C*  Intermediate  state  and 
inclusion  of  p-vave  pion-pion  final  state  interaction,  both  with1*1  and 
without1*  "Intrinsic"  structure  in  the  week  interactions. 

The  w*  energy  distribution  in  t*  (K*  ♦  v+  ♦  t°  ♦  t°)  decays  van  seen 

l6— 20  oi 

to  have  a  related  deviation  from  phase  space  ,  as  predicted  by  Weinberg. 
Similarly,  the  «°  energy  spectrum  divided  by  phase  space  (the  reduced  v° 
energy  s pact run)  in  ♦  v°  ♦  »4  ♦  v“  was  found  to  be  a  decreasing  function 
of  the  «°  energy,22  in  agreement  with  theoretical  predictions.2*  Slailarltles 
to  the  kaon  decay  apeetra  vers  also  noticed  in  the  Dalits  plots  of 

*  A  w  qV 

n  *  r  ♦  v  t  t  decays.  The  present  theoretical  models  which  could 

explain  the  similar  final  state  spectra  in  all  these  decays  are  (a)  the  pion 


as  suaaarlsed  in 


pole  nodel ^5.27-29  M  B.vav«  i-t  resonance,'*0*^1 

Kieur'i  article.32 

Analyses  of  about  2300  t“  3,11  and  900  x*  1,2,33  decays  hare  been 

reported.  The  present  work  roughly  doubles  this  sanple  with  the  addition 
+  tk 

of  3587  t  decay  events.  The  secondary  spectra  from  these  t  decays  are 
compared  with  the  existing  decay  spectra  for  t,  r  * ,  and  n.  Comparison 
of  the  data  with  the  predictions  of  the  theories  (a)  and  (b)  above  is  nade. 


II.  XXPERDODrEAL  PROCKDURI 


A.  exposure  and  Scanning 


An  &k  pellicle  stack  of  6  in  x  8  in  x  600  |i  Ilford  05  emulsion  vss 
exposed  to  e  300  MeV/c  separated  K4  bean  at  the  Beratron  of  the  Lawrence 
Radiation  Laboratory  of  the  University  of  California.^  The  beam  kaoas 
cane  to  rest  near  the  oenter  of  each  plate,  in  an  area  *  1.5  ea  x  h  on. 

In  order  that  the  scanning  tine  required  to  find  a  kaoo  decay  event  he 
fairly  short,  it  was  desired  that  the  density  of  stopping  kaoas  be  relatively 
high*  Therefore  the  stack  vas  inserted  in  the  been  after  only  one  stage  of 
separation,  and  a  background  of  approximately  10  bean  pi  one  for  eeeh  stopping 
K*  was  present.  These  plans  were  of  ninlnun  ionisation,  and  traversed  the 
entire  staok.  The  density  of  kaon  endings  in  the  stopping  region  of  the 
exposed  staok  was  >  2x10*  K4,s/cn3.  The  individual  pellicles  were  aligned 
for  M*ml"|  and  track  following  by  the  afthod  outlined  in  Ref  36. 

The  staok  vas  systenatieally  area  scanned  for  K*-assoo  endings  with 
nultlple  secondaries.37  3359  three-secondary  events,  each  with  two  or  three 
of  the  secondaries  having  greater  than  1.5  tines  nlwlnnn  ionisation  vers 
separated  fron  the  total  seaanlag  sample.  Three  events  with  a  nlnlnon- 
lonlsiag  secondary  are  laeonsistent  with  the  t  decay  node,  and  were  excluded. 
One  of  these  events  vas  shown  to  be  an  example  of  the  decay  node 

(K4  ♦  w4  ♦  ♦  e4  ♦  v),  and  has  been  previously  reports!.3**  the 

other  two  events  are  also  consistent  with  this  decay  node,  but  are  not 
sufficiently  coaiplete  to  allow  clear  Identification.  The  remaining  sample 
of  3356  "t-like"  events,  together  vith  97  events  from  the  Columbia  stack  C 
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and  91*  evcnta  fro®  the  Columbia  stack  D  vs  re  included  in  the  detailed 
analysis  described  below.  Six  obvious  decays  in  flight  were  excluded.  la 
addition,  seventy-one  previously  analysed  events  fro®  the  Columbia  stacks 
A  and  are  included  in  the  total  saaple. 

B.  Determination  of  Secondary  Energies 

The  ®easure®ent  of  the  plan  energies  for  e&oh  event  was  carried  out 
as  follows: 

(a)  The  plane  angles  between  the  secondaries  (the  angles  between  the 
projections  of  the  pi  on  tracks  on  the  plane  of  the  emlsion)  far  each  event 
were  aeasured,  using  a  six  inch  protractor  mounted  on  one  of  the  aieroaeope 
eyepiece  tubes.  The  est lasted  errors  for  these  ®easurs®ents  are  ♦  2°, 
Including  distortion  effects.  The  tangents  of  the  dip  angles  between  the 
plane  of  the  snulsion  and  the  secondaries  were  aeasured  by  using  the  fine 
s-notion  of  the  Micros  cope  and  a  calibrated  eyepiece  grid.  Errors  la  the 
s-neasuranests  are  estimated  to  be  of  the  order  of  coe  micron.  The  un¬ 
certainty  of  the  emulsion  shrinkage  factor  is  of  the  order  of  10?.  Secondary 
tracks  were  followed,  recording  any  scatters  of  *  20°  or  greater,  until  the 
i”  was  identified.  secondaries  are  identified  by  their  characteristic 

»  ♦  u  decays;  w”  secondaries  art  absorbed  in  the  snulsion  nuclei,  giving 
rise  to  stars  with  aero  or  nore  ionising  prongs.  Events  for  which  the  «** 
could  not  be  identified  are  discussed  below. 

(b)  The  point-to-point  ranges,  including  scatter  points,  were  used  to 
find  the  energies  for  those  pions  which  had  been  followed  to  an  soding.  An 
average  snulsion  thickness,  aeasured  befors  exposure,  was  used  for  each  stack. 
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The  reage-energy  cherts  of  Barkas  end  Young  ere  used  throughout  this  work. 

The  energies  calculated  directly  from  a  range  are  expected  to  he  good  to  *v  3$, 
Using  these  energies  and  the  measured  angles,  each  event  was  analysed  on  the 
IBM  1620  of  the  Stevens  Computer  Center  to  find  the  missing  pi on  energies. 
Since  the  events  are  overdetermlaed,  the  Q-valua  was  calculated  as  a  check, 
as  was  the  quantity. 


fj  .  I  f  3 

*.l  I?  I* 


where  the  ?^'s  are  the  secondary  three-momenta.  4  is  an  indication  of  the 
coplanarity  of  the  event,  and  is  an  invariant  under  labeling  of  the  tracks , 

A  limit  of  5  NeV  was  placed  on  the  deviation  of  the  calculated  Q- value  from 

k2 

the  accepted  Q-valua,  75.11  t  0.1k  MeV,  and  the  coplanarity  measure  was 
required  to  differ  from  aero  by  no  more  than  0.075. 

(e)  Any  event  falling  outside  the  above  limits  was  returned  to  the 
scanaera  for  rsmamsureswnt .  If  the  two  measurements  agreed  within  statistics 
an  additional  track  was  followed,  and  the  event  was  returned  to  part  (b)  of  the 


schedule.  If  all  tracks  had  been  followed,  the  event  was  exsained  for  possible 
reinterpretations,  such  as  secondary  scatters  near  the  K  ending,  inelastic 
scattering  of  the  secondary,  decay  of  the  secondary  in  flight,  or  alternate  decay 
mode.  Seven  of  the  events  in  the  lower  tail  of  the  distribution  were  shown  to  be 
inconsistent  with  the  t  decay  node,  and  were  identified  as  examples  of  the 
radiative  t  decay  mode,  K*  ♦  »”  ♦  m*  ♦  *+  ♦  y,^ 

At  the  close  of  the  analysis  51  events  remained  outside  the  5-*eV  Q-value 
limit.  This  would  correspond  to  a  standard  deviation  for  the  Q-value  distri¬ 
bution  for  all  events  of  *  2.2  MeV,  if  the  distribution  were  Gaussian.  The 
mean  Q-value  for  65  events  for  which  it  v»*  necessary  to  follow  all  three 
tracks  was  7k. 7  MeV;  the  standard  deviation  of  their  Q-value  distribution 
was  1.7  MeV. 
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There  virt  35  "incomplete"  events  for  which  the  w“  could  not  bo 
Identified,  duo  to  interactione  in  flight  of  the  secondaries  or  secondary 
tracks  leaving  the  stack.  Bach  of  those  events  had  one  w*  energy  measured 
by  range,  and  were  subjected  to  the  sane  Q-ralue  and  "coplanarity"  tests 
described  above.  The  energies  were  re  normalised  by  preserving  the  ratio  of 
the  energies  of  the  unidentified  tracks  as  calculated  from  the  speoe  angles 
of  the  event,  and  requiring  the  sun  of  the  three  energies  to  be  the  accepted 
Q-value.  for  seventeen  of  these  events,  the  difference  between  the  two 
unidentified  pion  energies  was  less  than  9*6  MeY.  These  seventeen  events 
are  included  in  the  distributions,  using  the  neon  of  the  two  "mining" 
energies  for  the  unidentified  i*  and  v”.  Thus  no  energy  is  shifted  by  acre 
than  h.8  MeV  (the  data  are  divided  for  analysis  into  fc.8  MeY  groups}  see 
below).  The  regaining  18  events  are  excluded  free  the  distributions. 

The  pion  energies  used  in  the  distributions  for  events  having  two 
followed  tracks  are  the  too  measured  energies  and  the  difference  between  the 
known  Q-value  and  the  sum  of  the  measured  energies.  Pion  energies  for  events 
for  which  one  or  three  traoks  were  followed  were  renomall  sad  to  the  known 
Q-value  by  multiplying  the  raw  pion  energies  by  the  ratio  of  the  knewn 
Q-value  to  the  calculated  Q-value  for  the  event. 

C.  The  Data 

Of  3805  stopping  v  decays,  3587  events  are  included  in  the  final  pion 
distributions.  A  summary  of  the  different  classes  of  events  in  the  total 
ssnpls  is  presented  in  Table  Z.  Histograms  of  the  w"  energy  distribution, 
and  the  distribution  T^  -  Tg,  where  T^  is  the  klnetie  energy  of  the  nore 
energetic  w*  end  Tg  is  the  remaining  **  snsrgy,  are  shewn  in  rigs.  1  and  8. 
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Bias*  only  Id  events  of  a  total  sample  of  3609  stopping  t  decays  are 
excluded,  the  sample  is  quite  free  of  geonetrieal  ties.  One  possible  source 
of  scanning  bias,  despite  the  distinctly*  appearance  of  stopping  t  decays  in 
■■uls ion,  is  the  possibility  of  the  scanner  nisslng  an  event  vitb  a  very  short 
secondary  pi on.  The  other  tvo  tracks  are  then  very  nearly  colln*ar ,  and  nay 
be  mistaken  for  a  coincidental  crossover  track.  Each  event  recorded  as  a 
stopping  kaon  vith  heavy  secondary  and  a  crossover  track  was  reexamined. 

About  five  of  these  vere  found  to  be  t  decays. 

Another  possible  bias  is  alsldeatlfleation  of  secondary  charge.  Steep  »+ 
tracks  vlth  forward  decays  may  be  mistaken  for  t"  tracks  which  end  In  aero- 
prong  stars,  and  t~  tracks  either  with  a  scatter  *  600  »  from  the  end,  or 
ending  la  a  one-prong  star  with  the  prong  *  600  ti  long,  nay  be  mistakenly 
Identified  as  a  ♦  it  decays.  All  secondary  tracks  with  energy  less  than  12 
M*V  were  carefully  reexesined  la  connection  with  another  experiment,^  1706 
traoke  In  total,  Asnag  these,  6  **  vere  found  to  be  misldentlfled  as 
and  T  t’  vere  misldentlfled  as  t+.  This  comprises  a  rate  of  mlaldontiflcatlon 
of  0.80.  Recalculation  of  the  spectrum  Ineluding  the  new  values  sensed 
negligible  corrections. 

Zt  was  found  that  excluding  the  events  In  the  few  plates  nearest  the 
tap  and  bottom  of  the  stack  did  not  change  the  degree  of  contamination  of 
the  sample  with  "incomplete"  events.  The  stack  was  large  enough  so  that 
secondary  tracks  could  not  leave  the  stack  from  the  sides. 


III.  TR2ASMSXT  OF  EXPERIMEHTAL  DATA 


The  final  state  kinematics  in  K  or  n  *►  3*  decays  is  completely 
described  by  two  independent  variables ,  for  example  the  Lorents  invariant 
variables  (8^  -  8Q)  and  (8^  »  8^) ,  where 

8i  “  (Po  "  Pi)2  "  (M  ‘  *i)2  -  **1 

and 

380  -  8X  ♦  fl2  ♦  83  -  (N  -  Bj)2  -  2MQ 

Po  and  M  are  the  four  noaaentua  and  mss  of  the  decaying  particle,  P^,  a^ 
and  are  the  four  eo-ntim,  mss,  and  kinetic  energy  of  the  1th  pi  on 
respectively,  and  Q  is  the  son  of  the  plon  kinetic  energies.  8j  refers 
to  the  unlike  plan  in  v  end  t*  decays,  and  to  the  »°  io  ♦  f°  ♦  f*  ♦  w” 
end  n  +  f°  ♦  ♦  »‘  decays.  For  convenience,  the  variables 

T  -  -3(8j  -  SQ)  /  2HQ  and  X  -  -  /3  ^  -  S2)  /  kHQ  are  Introduced.*5 

The  differential  decay  probability  say  be  written 

»(X,Y)dXdY  a  |m(X,T)|2  C(X,T)  ♦<X,T)dXdT 

where  ♦(X,T)  is  the  invariant  phase  space  for  the  decay,  C(X,Y)  is  a 
factor  to  include  final  state  Coulonh  effects,  and  M(X,X)  is  the  aatrix 
slMsnt  for  the  decay.  Tb«  factor  C(X,X)  applied  in  this  work  is  that 
given  by  Dalits,**  which  in  the  noo-relstlvlatlo  Halt  reduces  to  that 
calculated  by  leswo.*^ 
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The  Y-depeadenc 3  of  the  decays  la  exsalned  by  plotting 


N;(Y) 

«™-c<fc.w) 


~  \  )  ^(x,y)Jx<»y/  r  (  c(x,Y)<j>(x,Y)JxJr 

2/w a  /  J  J .  . 


AY;  X(iYi) 


AY;  X(AY;) 


n.  Y,  vhara  fi^(Y)  la  the  nunber  of  events  In  tha  Interval  AY^,  la 
tha  total  nuabar  of  events ,  and  CA^  (Y)  la  tha  eorraapocdlng  "Coolant 


oarraetad"  Loients  Invariant  phaaa  apace .  than  ^  (Y)  /  1^  C4&  (Y) 
la  proportional  to  |m(X,Y)|2  averaged  over  AY^  and  tha  corresponding 
values  of  X.  These  data  are  presented  la  Fig.  3.  Tha  data  are 
nomallsed  such  that  tha  weighted  naan  ordinate  is  1.0.  81nllarly  t  tha 
X-dependence  of  tha  distribution  la  axaalnad  bp  plotting  H^(x)  / 

CAj  (X)  vs.  X.  These  data  are  presented  In  Fig.  k. 
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XV.  C0MMXX80H  WITH  THK0R7 


A.  Linear  Matrix  Xlaaant  theory 


It  has  baan  proponed  that  tha  matrix  al— ant  in  K  ♦  3t  deeaya  aagr  ba 

21 

aapandad  aa  a  power  aarlaa  in  X  and  X.  Don  to  tha  Boaa  atafelatlea  of  tha 
final  atata  piona,  tha  axpaaaion  nay  contain  only  oven  powara  of  X. 
lagleeting  higher  ordar  tamo  in  tha  axpaaaion. 


|Mj(X,Y)|8  a  1  ♦  I 

J  la  t,  t*.  or  xj  amd  la  tha  eharged  pAon  maaa.  If  tha  final  atata 
piona  am  in  a  pom  M  atata,  tha  relationship  ofl  »  «Bbt  foUova.81*8^' 
Thia  ia  oonetataat  with  tha  AIT  •  1/2  mla,  hot  doaa  not  rula  o«t 
of  AT  •  3/2  in  tha  Aaaap  Interaction,  aiaaa  tha  M.  atata  ia  aaoaoaihla 
throagh  either  AT  -  1/2  or  3/2.  It  haa  boon  ohoan  that  tha  ff 


in«; 


teaaye  la  idaotleal  with  tha  a 


in  t'  daaagr,  if  a  AT  ■  1/2  rale  la  operation. 83 ***  It  foilova  that  n^o  ■ 


tha  AT  ■  1/2  mla.  However,  thia  in  a  weak  teat  of  tha  mla,  ainaa  aagr 
laada  to  tha  aaaa  M  final  atata  for  both  tha 
vill  satisfy  tha  aonditioa  on  tha  alopaa. 


A  weighted  laaat  sgearee  fit  of  tha  Sanation  1  ♦  a .  T  to  tha  naanallsad 

"C 

radnaad  »*  apaetma  data  of  tha  praaant  axparlnaat  glvee  a valna  af»  0.11  ♦  0.00. 
Tha  x8  valna  ia  lS.3,  aorraapondiag  to  a  x2  probability  of  %  23  for  eight  Aagreae 
of  fraadon.  AlthwOi  tha  x2  valna  ia  rather  high,  them  ia  no  real  avidaaaa  far 
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a  quadratic  ten  la  the  expansion,  sine*  the  deviations  of  the  experimental 
points  from  tbs  linear  fit  are  "scattered"  rather  than  systematic.^  See 
Fig.  3. 

The  X -dependence  of  the  events  is  veil  fitted  by  a  aero  slope  straight 
2  2 

line,  with  a  x  value  of  12.5.  the  x  probability  for  9  degrees  of  freedom 
is  *  205.  Although  there  seems  to  be  some  suggestion  of  "shape"  to  the  data, 
there  is  no  statistically  significant  evidence  for  higher  order  tens  in  the 
X-dspendenee  of  the  matrix  eleaset .  See  Pig.  b. 

The  results  of  this  experiment  are  in  agreement  with  those  of  other 
experiments  on  v*  1(2  and  t“.  3**  fable  XX  contains  the  values  of  ey  found 
by  other  experimenters,  along  vith  values  of  a^#  ,  «gO  ,  and  a^  from 
various  experiments. 

Combining  the  value  of  «t  for  the  present  experiment  vith  that  obtained 

k 

by  Snl th  art.  si. ,  eT  ■  0.12  ♦  0.02,  in  an  analysis  of  s  compilation  of 
3205  t*  daeay  events,  the  comb load  value  «t  ■  0.115  ♦  0.015  is  obtained. 

Bisl  at.  el.20  have  fitted  the  reduced  v*  energy  speetrun  for  10Tb  t' 
decay  events  vith  a  linear  squared  astrlx  element,  uelag  an  error  analysis 
eladlar  to  that  used  in  the  present  work,  and  have  obtained  of  t  »  -O.bO  ♦  0.0T. 

Using  those  values 

•t. 

~*  ■  -3.5  ♦  0.6 

S 

eonpsred  to  tbs  predicted  retie  of  -2.  The  1T92  t'  events  analysed  by  Kalnms 
et.  el.5^  mere  fitted  vith  a  linear  natrlx  element,  rather  than  linear  radioed 
speetrun.  leuuvor,  their  value  for  «T,  is  eosslstoat  vith  the  value  obtained 
by  Bisl  et.  al. 
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22  o 

Lucre  et.  al.  bar*  fitted  the  reduced  «  energy  spectrua  for 
S3  k|  ♦  i°  ♦  i*  ♦  »“  with  a  linear  function  and  obtain  a^o  *  -0.32  ♦  0.0T. 

Using  the  c cabined  #T  value  and  their  value 


V 

.  -2.8  ♦  0.7 

°f 

as  coopered  to  the  predicted  ratio  -2. 

All  of  the  K  ♦  3»  reduced  spectra  are  well  fitted  by  linear  functions. 
The  ratio  OgO  j  oT  is  in  agresa ent  with  the  predictions  of  linear  Matrix 
eleaent  theory,  a  final  T»1  state,  and  the  AT  ■  1/2  rule.  However,  this  is 
only  a  weak  test  of  the  rule.  The  ratio  of  «T,  /  «T  is  about  2.3  standard 
deviations  Area  that  predicted  by  the  theory,  and  further  data  are  needed  to 
clarify  this  situation.  However,  it  is  felt  that  the  data  on  K  ♦  3w  spectra, 
viewed  as  a  whole,  are  consistent  with  linear  aatrlx  eleaent  theory,  a  pure 
T»1  final  state,  and  the  AT  ■  1/2  rule. 

B.  The  Pion  Pole  Model 

27 

Barton  and  Rosen  1  have  considered  a  nodal  in  which  the  decays 
n  ♦  t°  ♦  t*  ♦  t”  and  K  *  3*  both  proceed  predominantly  through  a  oos-plcn 
interne diets  state,  the  pion  pole  nodal.*0  Then  the  decay  anpUt rates  for  the 
n  and  the  various  K  nodes  are  Just  different  isotopic  projections  of  the  anna 
T»l  function,  apart  froa  a  constant  factor  depending  on  the  aeehanisa  whereby 
the  single  plan  state  is  reached.  The  natrlx  eleaent  is  expanded  in  the 
Invariant  variables,  and  neglecting  quadratic  and  higher  order  terns,  the 
relationship  afl  •  holds,  at  least  Insofar  as  the  K  -  n  naas  difference 


Ik 


can  be  □•elected  in  the  structure  of  the  interactions.  Glace  the  predictions 
for  the  ratios  of  the  o's  in  the  various  K*3i  states  are  identical  vith 
those  given  under  section  A  above,  the  relationship  or)  •  -2®t  holds  under  the 
plon  pole  model.  However,  since  the  sane  predictions  follow  for  any  nodel  in 
which  the  K  and  n  have  the  sane  T*1  final  state,  this  is  a  weak  test  for  the 
plon  pole  nodel. 

Combining  the  value  for  quoted  by  Crawford  at.  al.  on  the  basla  of 
109  n  decays  and  that  of  Foster  at.  al.  with  27k  n  decays  (see  Table  II), 
the  o cabined  value  ■  -0.2$  *  0.025  is  obtained.  Using  this  value  for  e^, 

together  with  the  combined  o?  obtained  above 

•B 

-p-  •  -2.2  ♦  0.35 

% 

m  coopered  with  the  predieted  ratio  -2.  The  ratio  «n  /  aT  is  in  good 
agreement  with  the  predictions  of  the  plon  pole  model. 

C.  8-wave  Dlpion  Resonance 

Several  authors have  found  evidence  for  the  existence  of  a  «-* 

resonance  at  an  energy  of  about  too  NeV,  consistent  with  the  assignment  of  the 

N  96 

quantum  nunbers  T-J-O.  Bro^ra  and  Singer  have  formulated  a  model  based  on 
the  existence  of  such  a  resonance ,  the  O',  in  order  to  explain  the  apparent 

enhancement  of  the  three  plon  decay  mode  in  the  n  meson.  These  authors  have 

30 

extended  the  model  to  include  both  n  3*  end  K*3*  decays.  As  in  the  plon 
pole  model,  the  final  state  plons  must  be  in  a  pure  T»1  state,  which  la  eon- 
■ latent  with  the  AT  ■  1/2  rule,  but  does  not  rule  out  AT  ■  3/2. 


15 


—  ^  a  ^ 

The  theory  predicts  that  the  reduced  t  epectrua  iaX  ■+  *  +  *  ♦«* 


decay  is  given  by 


f(t>) 


♦ 


>  *  (t,-*)1-  M-Q1"  *"  n  * 


-\ 


G  ,a"  U 


_  H-G^ _ 1 


where 


h«M-3*f-2A-T3 
A  •  ((M  -  mw)2  -  n23  /  2H 
B  -  »r  r,  /  2M 

Here  af  and  are  the  parsaaeters  of  the  theory,  the  aass  and  full  width  of 
the  reeooanoe. 


The  function  P(T.j)  for  various  values  of  the  parameters  was  compared  to 
the  normalised  experimental  data  in  a  10-division  x  test.  PjTj)  vae  normalised 
such  that  the  mean  ordinate  vae  1.0,  and  since  the  function  is  nearly  linear 
for  the  range  of  parameters  under  consideration,  the  Integrals  over  the  divisions 
were  approximated  by  the  ordinate  of  the  function  at  the  midpoint  of  the  division. 

Since  P(T_)  is  a  slowly  varying  function  of  the  resonance  parameters,  there  la 

3 

a  large  range  of  n  and  r  for  which  a  reasonable  fit  is  obtained.  A  contour 
r  t 

o 

plot  of  constant  x  for  the  parameters  *r  and  Tr  la  shown  in  Tig.  5.  The 

9 

contours  x  •  20  and  23  are  shown;  these  correspond  roughly  to  one  and  two 

2  2 

standard  deviations  fron  minima*  x  >  respectively.  The  minima  x  value  la 
16.1,  with  a  x  probability  corresponding  to  7  degrees  of  freedom  of  *  3$. 

The  best  fit  values  of  the  parameters  are  approximately  n^  ■  3^0  HeV,  •  90  MeV. 
The  data,  fitted  with  the  optimum  parameter  spectrum,  are  shown  in  Pig.  6.  In 
addition,  spectra  for  other  selected  values  of  the  parameters  are  shown.  They 
all  fit  the  data  as  veil  as  the  linear  function, 
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As  can  bs  iH&  fro*  Fits*  5  sad  6,  tbs  present  data  cannot  deternlnc 

the  resonance  par— eters  with  any  deer—  of  certitude.  Other  experimenters 

bare  fitted  tbls  theory  to  t*  and  n  decays.  Kalmus  et.  al. with  1792  r' 

crests  find  a  ■  337  *  b  HeV,  r ■  87  i  9  MeV,  Crawford  et.  al.8*  find 
r  t 

■  392  t  9  MeV,  !*r  ■  80  t  15  MeV  on  the  basis  of  109  n  decays,  and 
Foster  et.  al.2**  with  27b  n  decay  erante  find  n^,  ■  b07  *  ^  MeV, 

Pr  ■  U7  t  15  MeV.  Each  of  these  pairs  of  par— eters  orerlape  the  "allowed" 
region  —  Pig.  5*  Biel  et.  al.20  bare  presented  a  contour  plot  of  n^.  end  r^; 
their  plot  and  Fig.  5  bare  the  as—  general  shape  and  range  of  the  per— stars. 

A  similar  theory  has  be—  fonmlated  by  Mltra  and  Ray.^  The  rednoed 
t“  speotr—  in  t  decay  is  gim  by 

r(T3)  -  ailtLr-jlxI) 


n(x‘)  •  (bn^/M)  y  (r2  -  J  y2*2)'1*2  t— ”V 

X*  -  J  (t.,)-1  (r2  -  $r^)’X/8  (MT3  «■  -  3aJ  -  br2  ♦  tajv2  t  W) 

y  m  Tr  /  2r 

In  the  shore  expresaio—  n^  and  are  the  total  energy  and  full  width  of  the 

F(Tj)  for  Mitra  and  Ray's  theory  is  fitted  to  the  data  of  the  pr— ant 
experl— at  in  the  as—  manner  as  that  of  Brora  and  Singer  shore.  A  contour 
plot  of  constant  x2  the  para— tars  is  them  in  Fig.  T.  The  best  fit 
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paraaeters  are  approximately  ay  ■  335  MeV  and  rr  ■  65  MeV;  the  x2 

value  it  1$.8(  corf spondlng  to  *  x2  probability  of  ^  35  with  7  degrees  of 
freedon.  Ths  data,  fittad  vith  tha  boat  value  par— tar  apaotnai  ia 
presented  ia  rig.  8.  The  apeotra  for  tvo  other  values  are  also  shown;  as 
in  the  other  raaooaaea  nodal  tha  fit  la  reaaooabla  for  all  three  values. 

Several  authors  have  found  other  experimental  evideaoa  for  a  reaonaaoe 
with  paranetara  near  tha  region  required  ia  the  resonaaee  node la.  Ssnios 
at.  al.*1  have  found  evidence  for  the  existence  of  a  reaonaaoe  vlth  T»0  or  1 
and  *r  ■  395  *  10  MeV,  I*p  ■  50  ♦  20  Me?  ia  aa  analysis  of  »“  -  p  eollialons. 
However,  Alff  at.  al.^  have  found  no  evidence  for  a  resonance  ia  this  region 
in  the  products  of  v4  -  p  collisions.  Kirs  at.  al.*8  have  shown  the  existence 
of  a  peak  ia  tha  W)  di-plcn  state  in  the  process  v”  ♦  p  ♦  w4  ♦  w“  ♦  n,  but 
the  peak  changes  position  vlth  the  incident  plan  energy.  Blair  at.  al.*S 
have  also  found  evidence  for  a  peak  near  980  MeV  in  the  invariant  w-w  nass 
squared  for  this  reaction.  Del  Fabbro  at.  al.^  find  that  tha  di-pi  on 
effective  mss  apectrun  in  the  reaction  Y*p***ew~  +  p  ean  be  explained 
by  the  inolusion  of  an  a-vave  resonaaee  with  the  parameters  n^  ■  379  i  *»  MeV, 
rp  ■  139  t  13  MsV.  Barnes  et.  ai.**  have  found  in  v”  -  p  collisions  a  3*5 
standard  deviation  departure  fron  phase  space  in  the  v4  -  *“  affective  nass 
speetren  vhieh  could  be  explained  by  a  resonance  vith  ^  ^  *00  MsV,  rp  %  80  MeV. 

The  present  data  are  reason* My  veil  fitted  by  the  resonaaee  nodels, 
and  the  range  of  resonance  par  casters  found  ia  this  experlaeat  for  the  Brown 
and  Singer  nodal  are  consistent  vith  those  found  ia  other  experiasnts  on  v 
and  t* ,  as  cited  above.  While  the  resonaaee  pars— era  proposed  by  Basdos 
at.  al.^  could  not  explain  t  decay  vith  the  present  nodels,  the  other  ex- 
periaentally  detected  resonances  quoted  above,  agree,  vithia  statistics. 


to  the 
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V.  8UMMRI 

Comparisons  between  the  various  K  •*  3»  decay  apactra  are  rcaaocably 
consistent  with  a  11  osar  spectrtm,  a  T«1  final  state,  and  the  AT  *  1/2  rule. 
However,  this  la  a  weak  test  of  the  rule*  The  ratio  aT,/aT  la  about  2.$ 
standard  deviations  my  free  the  predicted  value,  and  should  he  investigated 
further.  The  comparison  of  n  spectra  with  K  ♦  3*  decay  spectra  is  consistent 
with  the  n  having  a  predominantly  T»1  final  state,  and  with  the  predietlons 
of  the  pion  pole  modal. 

The  resonance  node  Is  fit  the  data  of  the  present  experiment  reasonably 
well,  and  the  range  of  resonance  parameters  determined  are  eonslntcat  with 
those  found  by  other  experimenter!  in  »•  and  n  decay.  However,  the  present 
data  can  be  reasonably  well  fitted  by  a  large  range  of  paraactara  in  the 
resonance  models. 


Sines  both  the  pion  pole  model  and  the  resonance  hypothesis  hare  "built- 
in”  T»l  final  states  end  consistency  with  the  AT  •  1/2  rule,  the  ratio  of 
the  linear  tans  in  an  expansion  of  the  matrix  slsocnt  in  the  varices  K  v  3k 
and  n  ♦  3t  final  states  is  fixed.  Consequently,  so  long  so  the  eiperlnsntsl 
data  on  the  decay  spectra  can  be  well  fitted  by  a  linear  function,  the  only 
available  information  will  bo  on  the  validity  of  the  *■!  final  state  end 
consistency  with  the  AT  ■  1/2  rule.  Xa  fast,  Prasad*®  has  shown  explicitly 
that  tbs  linear  matrix  dement  o geared  is  ocnpatchls  with  n  raaonoat  *-»  phass 
in  the  T-0  ehaanel  with  roughly  the  sene  resonance  paro—tero  as  those  needed 
in  the  Broun  and  Siagsr  theory.  The  -nswer  to  the  question  of  the  validity  c t 
one  or  the  other  of  the  models  will  hare  to  wait  until  the  higher  order  terns 
in  ths  srpaasisn  bosons  statistically  sipiflesrt. 
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Mbit  II.  Suauary  of  ptibllohad  valuta  of  tho  parameter  a  for  tbo  liaoar 
matrix  elonent  theory  la  t*,  t',  k|  tad  n  decays.  The  unlike  pioo  reduced 
•pootra  (tho  »°  la  n  and  decay)  art  flttod  with  olthor  tho  function 
|m|2  «  1  ♦  «  Y  or  |H|*  «  (1  ♦!»  I)2,  designated  by  L  and  8  respectively 

1  *  l‘ 

I  I 


is  column  3.  If  tho  AT  ■  1/2  rulo  la  valid  la  K  ♦  3»  decays  and  tho  doeagro 
I  •*  3»  and  a  ♦  3*  havo  tha  aaao  T»1  final  state,  tho  relationships  2eT  ■  -«t, 
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FXCUBE  CAPTIOUS 

Figure  X.  Histogram  of  the  f'  energy  distribution  for  358T  t*  deoeys. 

The  maker  of  erents  in  each  division  is  lndieeted. 

Figure  2.  Histogram  of  the  distributioo  -  Tg,  where  T^  and  ?2  are  the 
positive  pion  energies,  for  3587  t+  decays.  The  number  of  events  in  noth 
division  is  indicated. 

Figure  3.  Dependence  of  the  matrix  elnasnt  squared  on  unlike  pion  energy. 

The  solid  line  is  the  fitted  curve  |m|2  ale  aNQT/h2  ,  with  o  -  0.11*0.02. 

Figure  h.  Dependanee  of  the  aatrlx  elsnsnt  squared  on  like  pion  energy. 

The  eolid  line  is  the  aero-slope  fitted  curve. 

Figure  5*  Contour  plot  of  constant  x2  for  the  nase,  «r,  and  full  width  I*r, 
of  the  resonanae  in  the  Drown  and  Singer  nodal  for  t  deeay.  Point  A  eorrasponds 
to  the  best  fit  paransters,  x2  •  16.1}  the  points  A,  B,  and  C  oorraspend  to 
curves  A,  B,  and  C  in  Figure  6.  The  lines  x2  ■  20  and  x2  •  *8  oorraspend 
roughly  to  one  and  two  standard  deviations  trm  nfirtnan  x2  respectively,  the 
"allowed"  range  for  the  paransters. 

Figure  6.  Xnergy  dependanee  of  the  reduced  s'  energy  spectres  for  the  Dram 
and  Singer  nodel  for  t  decay.  Curve  A  is  for  the  best  fit  parameters, 
n  ■  3kO  Me?  and  I*  ■  90  Me?.  Curve  B  is  for  the  psraneters  u  *  hOO  Me?  and 

T  T  • 

Tr  m  Iko  Ms?,  curve  C  Is  for  ■  kT5  Ms?  and  Pf  -  10  Ms?.  Curves  A,  B  and  C 
correspond  to  points  A,  B,  and  C  on  Figure  5. 
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Figure  7.  Contour  plot  of  constant  x2  for  the  total  energy,  nr,  and  full 
width,  rr,  of  the  reaonanee  in  the  Nitra  and  Ray  nodal  for  t  decay.  Point  A 
corresponds  to  the  test  fit  parameter,  x2  •  15.8;  the  points  A,  B,  and  C 
correspond  to  curves  A,  B,  and  C  in  Figure  8.  The  lines  x2  *  80  and  x2  *  23 
correspond  roughly  to  one  and  two  standard  deviations  fron  mtaSmm  %2  respectively, 
the  "allowed"  range  for  the  parameters. 

figure  8.  loergy  dependence  of  the  reduced  i”  energy  spectraa  for  the  Ultra 

and  Ray  nodal  for  t  decay.  Curve  A  is  for  the  best  fit  parameters,  *r  •  335  MeY 

•nd  r  «  65  MeY.  Curve  B  is  for  the  paranetars  n_  a  too  NsY  and  P  »  210  Nat. 

•  r  r  F 

curve  C  is  for  »r  -  *75  MeY  and  fy  a  io  MeY.  Curves  A,  B,  and  C  correspond  to 
points  A,  B,  and  C  on  Figure  7. 
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